Objective. To determine whether results from an evaluation that involved observation of community health workers while they performed patient consultations in a hospital reflected normal everyday practices.
Community health worker programs are considered a major component of the strategy to reduce the burden of childhood illness in developing countries [1, 2] . However, for these programs to be effective, community health workers must provide high-quality care. To reach and maintain highquality care, programs need information on gaps in performance (where performance means adherence to clinical guidelines). One method to help identify these gaps is to observe community health workers while they perform patient consultations. Because of logistical difficulties in observing community health workers while they perform consultations in their villages (e.g. on a typical day, patient volume might be low; patients might be treated at any time of day), programs often evaluate community health workers in hospital settings.
Programs often need information on how well community health workers perform under usual conditions. To validly assess this, performance assessments should reflect normal everyday practice [3] . Evidence suggests that when health care providers, such as paramedics or facility-based health workers, are aware they are being observed or their performance is being assessed, they alter their practices (i.e. the phenomenon known as the 'Hawthorne effect') [4] [5] [6] . Determinants of community health worker performance may be different from those for other types of health workers [7] ; analogously, community health workers may react differently when they are being observed or are asked to work in a non-community setting. To our knowledge, no data exist on how the presence of an observer or being evaluated in a non-community setting affects community health workers in developing countries.
A community health worker program, initiated in 1995 by the non-governmental organization, CARE, in Siaya District, Kenya, trained volunteers to assess, diagnose, and treat children <5 years old according to the CARE Management of the Sick Child (MSC) guidelines, a simplified version of the WHO/UNICEF Integrated Management of Childhood Illness guidelines [8] . To identify weaknesses in clinical skills, this program conducted evaluations where community health workers were observed as they managed ill children at Siaya District Hospital [9] . To interpret the results from these evaluations, one must know whether the assessment in the hospital setting reflects normal everyday practices.
We conducted this study to determine whether treatment practices during consultations in a hospital where community health workers were observed were different from practices during non-observed consultations in villages.
Methods

Study population
We studied two samples of ill-child consultations performed by the same community health workers: (i) consultations performed under observation during a 1-day evaluation at Siaya District Hospital during February-March 2001 [9] and (ii) consultations performed under no observation in villages during the 90 days before the hospital evaluation (November 2000-March 2001).
Data sources
Hospital evaluation data. We asked randomly selected community health workers to examine ill children in the outpatient and in-patient department of Siaya District Hospital and to document on standardized forms the treatments (including referral) they would recommend for these patients. The format of the recording forms was identical to that of the community health workers' clinical registers, which are books containing records of consultations performed in villages. Registers contain printed columns that prompt the community health worker to record the presence or absence of specific symptoms, classifications (i.e. diagnoses), and treatments; thus, the register is also a job aid. A trained observer documented each outpatient department consultation. In the in-patient department, each consultation was not directly observed; however, evaluation staff was present in the inpatient department to supervise data collection.
Village-based clinical register data. We collected clinical registers of community health workers who attended the hospital evaluation and abstracted data from registers onto a standardized form.
Ethics review
The human subjects research Institutional Review Boards at the US Centers for Disease Control and Prevention (CDC) and Emory University approved the study protocol.
Definitions and population for analysis
We analyzed three indicators of treatment errors: (i) the proportion of all patients who were not prescribed all recommended treatments, (ii) the proportion of all patients with ≥1 severe classification who were not prescribed all recommended treatments for all severe classifications, and (iii) the proportion of all patients with ≥1 moderate classification who were not prescribed all recommended treatments for all moderate classifications. Severe classifications for patients <2 months old included very severe disease, severe pneumonia, dehydration, bloody diarrhea, and persistent diarrhea. Severe classifications for patients 2-59 months old included very severe disease, severe pneumonia, persistent cough, severe dehydration, bloody diarrhea, persistent diarrhea, and complicated measles. Moderate classifications (for patients 2-59 months old only) included pneumonia, some dehydration, measles, and malaria.
Because a 'gold standard' clinician did not re-examine the consultations recorded in registers, the true signs and symptoms are unknown for patients treated in the village. However, registers contain data on community health workers' findings of signs and symptoms. By applying the definitions of classifications of the MSC guidelines to these findings, we identified for each patient one or more 'internally consistent' classifications that should have been identified. We defined recommended treatments as those that should have been prescribed based on community health worker assessments. In effect, the adherence score measured the community health worker's ability to process clinical information to choose recommended treatments.
From the register data, we analyzed consultations that (i) community health workers recorded in registers during the 90 days before their hospital evaluation date, (ii) involved an ill child whose age was 0-59 months, (iii) were initial consultations, (iv) occurred in the village, (v) were recorded by the community health worker, (vi) involved an ill child for whom the documentation of community health worker assessments was sufficient to allow the determination of recommended treatments, and (vii) involved an ill child who required ≥1 treatment according to these assessments.
From the hospital evaluation data, we analyzed consultations that involved (i) an ill child whose age was 0-59 months, (ii) an ill child for whom the documentation of community health worker assessments was sufficient to allow the determination of recommended treatments, and (iii) an ill child who required ≥1 treatment according to these assessments.
Data analysis
To test statistical hypotheses regarding the difference between hospital evaluation and register results, we constructed a 95% confidence interval (CI) for the estimate of the difference in treatment error indicators. We concluded that treatment error indicators were different if the 95% CI did not include zero.
We analyzed data for three groups of patients: (i) all patients, (ii) patients with ≥1 severe internally consistent classification, and (iii) patients with ≥1 moderate but no severe internally consistent classification. To investigate the influence of different types of observation or hospital setting, we also compared treatment error indicators from register data with those for consultations performed in the hospital outpatient and in-patient departments separately.
We calculated point estimates of treatment error indicators and their standard errors using SUDAAN software [10] , which accounts for the correlation between treatment errors for patients seen by the same community health worker, sampling weights, and a finite population correction (FPC) factor. The sampling weights adjusted for the following aspects of the study design: we studied only a sample of all active community health workers; community health worker participation rates varied by geographic areas of Siaya District; not all participants in the hospital evaluation actually examined four patients (we planned for each community health worker to examine four patients; however, the number of patients examined depended on the patient volume at the hospital on the evaluation day); not all community health workers performed the same number of consultations in their communities during the 90 days before the hospital evaluation; and the proportion of consultations with severely ill children was higher in the hospital evaluation than in the register data. We adjusted variance estimates by an FPC factor to account for the fact that a large proportion (45%) of the active community health worker population in Siaya District participated in our study, and we considered the registers to contain a 'census' of all consultations community health workers performed in villages. For surveys with a large sampling fraction, adjusting results by an FPC factor can improve the precision of estimates [11] .
Results
We abstracted data on 760 consultations from registers and 372 consultations from the hospital evaluation, all performed by the same 103 community health workers. The median age of these workers was 39.0 years, and most were females, had completed at least seven levels of education (equivalent to an elementary school graduate in the United States), were of Luo ethnicity, and had been working as a community health worker since 1997. Table 1 summarizes the completeness of documentation of assessment tasks in both data sources. We assumed that an unfilled column in the register or hospital evaluation recording form for an assessment task meant it was not performed; thus, data for that assessment were incomplete. For most assessment tasks, the completeness of the documentation was ≥85%, and documentation in registers was comparable to or slightly better than that in the hospital data. The assessment task of counting a respiratory rate had a moderate level of incompleteness in both data sources.
From the register and hospital data, we excluded 90 (11.8%) and 55 (14.8%) consultations, respectively, because documentation of assessments was insufficient to allow the determination of recommended treatments or the patient did not require treatment. Thus, we used 670 consultations from registers and 317 consultations from the hospital evaluation in the analyses.
Among all patients, the difference in treatment error indicators (hospital minus register) was significantly less than zero (difference estimate: -16.4; 95% CI: -25.6, -7.1) ( Table 2 , comparison 1). We saw similar results when we divided patients by illness severity [for patients with ≥1 severe internally consistent classification, difference estimate: -31.0; 95% CI: -52.9, -9.1 (Table 2, comparison 2); for patients with ≥1 moderate but no severe internally consistent classification, difference estimate: -18.9; 95% CI: -28.6, -9.1 ( Table 2 , comparison 3)]. When we compared treatment error indicators from register data with those for consultations performed in the hospital outpatient (Table 2 , comparisons 4, 5, and 6) or in-patient department (Table 2 , comparisons 7, 8, and 9), we found that differences generally were significantly less than zero.
Discussion
We found that treatment error indicators in the hospital evaluation data were lower than those in the register data. This implies that community health workers made treatment errors less frequently in the hospital, both under direct observation in the outpatient setting and when they were not observed but knew they were being studied in the in-patient setting.
The ability of community health workers in this study to process clinical information during consultations in their villages was comparable to or somewhat worse than that of community health workers in other studies. For example, we found that among all patients who required treatment according to community health workers' assessments recorded in registers, 51% of patients were not prescribed all recommended treatments. In a study of volunteer health workers in West Java, all responded that they gave oral rehydration solution to treat the most recent ill child with diarrhea they encountered, but 85% failed to refer patients whom they perceived to be severely ill [12] . In a survey in Nigeria, community health assistants who were not observed as they examined children did not give appropriate treatment to 29% of children whom they identified as having moderate acute respiratory infections [13] .
Our findings are consistent with two explanations. Firstly, as suggested in other research [4, 6, 14] , our findings suggest that health workers perform better than usual when they know they are being studied. Our finding of lower treatment error indicators in the in-patient setting suggests that community health workers, even without direct observation, alter their practices when they know they are being studied. Furthermore, we compared data from registers and the 2001 hospital evaluation in which each community health worker performed only a few consultations. Additional research is needed to assess whether the effect of observation (either direct or not direct, but one is aware of being studied) changes with repeated observations during a single evaluation (as suggested in a study of the influence of video observation on physicians' practices [15] ) or with repeated evaluations over time. These results would have practical implications as programs may assess community health worker performance frequently over time as part of quality improvement efforts.
Secondly, our findings are consistent with the explanation that hospital setting might have altered community health workers' behaviors. For example, if community health workers perceived that the hospital drug supply was different (e.g. with respect to quality, quantity, or cost) from that in their own communities, this might have influenced prescribing practices. However, adequacy of medicine supplies might have had a limited effect because community health workers were trained to record all treatments they would recommend, regardless of the availability of medicine supplies. Additionally, conditions in the hospital (e.g. lighting in the consultation room and interaction with patients' caretakers) might have promoted better performance. Another factor that might explain our findings is the difference in the distribution of illness types among patients (i.e. case mix) between the two settings. We attempted to account for case mix by conducting weighted analyses, where the weight adjusted for the higher proportion of consultations with severely ill children in the hospital. Furthermore, our findings are less likely to be the result of differences in case mix because analyses that were restricted to specific subgroups of patients (i.e. patients who had ≥1 severe classification or patients who had ≥1 moderate We assumed an unfilled column in the clinical register for an assessment task meant that the community health worker did not perform the assessment; thus, data for that assessment were incomplete. 2 Consultations performed in the community by 103 community health workers during the 90 days before they participated in a hospitalbased evaluation. 3 Consultations performed during a hospital-based evaluation by 103 community health workers who performed at least one initial ill-child consultation in their communities during the 90 days before they participated in the hospital-based evaluation. 4 Assessments only performed for patients 2-59 months old. ..........................................................   Clinical register   ........................................................ .................................................................................................................................................................................................................. classification but no severe classification) revealed similar results. Our study design had specific limitations. Firstly, the results might have been biased if failure to document one assessment task or to record an entire consultation was related to treatment errors or data source; however, similarity in the frequency of incomplete documentation in each data source would limit the effect of this bias. Secondly, the definition of treatment errors in this study did not consider drug dosages, whether caretakers (e.g. patients' mothers) understood how to administer treatment at home, or prescription of unnecessary treatments. Thirdly, we were unable to assess the influence of the hospital setting independent of observation because all observation occurred in a hospital. To test the hypothesis that observation leads to better performance, we need to collect data on observed consultations and consultations from the same setting in which community health workers are unaware that they are being studied.
As previously stated in the methods, we evaluated community health workers' abilities to process clinical information to choose treatments. Although this process indicator is important to evaluate, another important indicator is the 'true' quality of treatment (i.e. errors based on the treatment recommended according to a gold standard clinician's assessments). Table 2 Comparison of treatment practices of community health workers for initial consultations with ill children aged 0-59 months, hospital-based evaluation versus clinical register data, Siaya District, Kenya, 2001 CI, confidence interval. 1 Treatment error indicator for all classifications is the percentage of patients for whom the community health worker did not prescribe all recommended treatments (including referral) for all internally consistent classifications. Treatment indicator for all severe classifications is the percentage of patients with ≥1 severe internally consistent classification for whom the community health worker did not prescribe all recommended treatments for the severe classifications. Treatment indicator for all moderate classifications is the percentage of patients with ≥1 moderate but no severe internally consistent classification for whom the community health worker did not prescribe all recommended treatments for the moderate classifications. 'Internally consistent' classifications were classifications that community health workers should identify based on the processing of their own assessment findings according to the CARE guidelines. 2 Point estimate of treatment error indicator for hospital-based evaluation data minus point estimate of treatment error indicator for clinical register data. 3 Severe classifications for patients <2 months old included very severe disease, severe pneumonia, dehydration, bloody diarrhea, and persistent diarrhea. Severe classifications for patients 2-59 months old included very severe disease, severe pneumonia, persistent cough, severe dehydration, bloody diarrhea, persistent diarrhea, and complicated measles. Moderate classifications (for patients 2-59 months old only) included pneumonia, some dehydration, measles, and malaria. 4 Standard error. ................................................................................................ For community health workers who performed ≥1 consultation involving a patient with the specified disease classification during the hospital-based evaluation and in the community during the 90 days before the hospital-based evaluation (1 For community health workers who performed ≥1 consultation involving a patient with the specified disease classification in the in-patient department during the hospital-based evaluation and in the community during the 90 days before the hospitalbased evaluation (7 If we understand the extent to which community health worker assessments during consultations in the village are correct, we theoretically could adjust treatment quality measurements from register data and estimate the true quality of care in villages [16] . However, given the current evaluation methods, measurement of these adjustment factors is problematic. One method, commonly considered the 'best' method, to determine the accuracy of health worker assessments is the direct observation of consultations at a health facility along with the re-examination of the patient [17] [18] [19] [20] . This method has weaknesses, which may have applied to the hospital evaluation in Siaya; it is highly resource-intensive, and the patient's condition might change between the time of the health worker's examination and the re-examination. Furthermore, as suggested by this study, the presence of an observer might influence health workers' practices. Other reasons exist why this method might not be appropriate for evaluating community health workers. Firstly, community health workers and their patients usually live in the same communities; thus, community health workers are often familiar with their patients. In contrast, health facility health workers often encounter patients with whom they are not familiar. Secondly, the hospital environment is quite different from the village setting in which community health workers normally perform consultations.
Evaluations have been done, which involve direct observation of community health workers in villages and re-examination of patients [21] . However, such evaluations have drawbacks. Not only do the weaknesses listed for the health facility-based studies apply but also village-based evaluations can be impractical if daily patient volume is low (e.g. in this study, on average, community health workers performed only 2.5 consultations in their villages per month based on the number of initial consultations recorded in registers during the 90 days before the hospital evaluation).
However, despite its weaknesses, the method of direct observation with re-examination of the patient is useful. The strength of this method is that patients' true signs and symptoms are known. Additionally, this method can be used to further investigate patterns in quality of care found in studies involving no observation. For instance, in this study, hospital evaluation results supported the finding from register data that community health workers' abilities to choose treatments for severely ill children were considerably worse than for moderately ill children. Furthermore, if an evaluation using direct observation found that the quality of care was poor, any bias introduced by the presence of an observer would not likely change the interpretation of this finding. For example, only about 40% of hospital outpatients were prescribed all treatments that were required according to gold standard clinician assessments [7] . Even if this were an overestimate, the conclusion would be that the quality of treatments given by the community health workers was poor. We acknowledge that if an evaluation using direct observation finds fair or good quality of care, interpretation of the findings is more complicated. The results might reflect the true quality of care, or the results might be overestimates (and thus, the true quality of care is unknown).
In conclusion, we found that community health worker treatment practices during the hospital evaluation did not reflect those in the village setting. When interpreting results from evaluations where community health workers are observed in a hospital in-patient or outpatient setting, programs should be aware that results might be overestimates of the quality of care usually given. We believe this study emphasizes the need to (i) more thoroughly examine how observation or evaluation setting influences community health worker practices and how this influence might change over time and (ii) develop adjustment methods to estimate the true quality of care usually given by community health workers using data collected from a non-observed setting.
